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Introduction 


We hope that you find the Linear Designer’s Guide a 
useful tool for selecting the appropriate National 
Semiconductor Linear products for your application. 
The Linear Designer’s Guide will continue to be 
updated, several times a year, providing you with an 
up-to-date source of linear products that National 
Semiconductor recommends for your new designs. 
For more detailed information on most of the 
products featured, please refer to our 1995 Linear 
Databook Series. 5 


Please note that also included in this edition of the 
Linear Designer’s Guide is a brief description of our 
TinyPak™ Family offerings. These products may be 
found in the “New Product Brief” section of the Guide. 
In addition, the “Application Note’ section features our 
new Boomer® Power Amplifiers. 


For samples, datasheets, or databooks, please contact 
your local distributor or call our North American 
Customer Support Center at (800) 272-9959. 


We appreciate your interest in National products. 


Cover: “Make a big deal out of nothing.” The LMC6462/4 ... the 
lowest power rail-to-rail I/O op amp ... 3V performance at 20uA 
supply! Perfect for battery-powered systems such as laptops and 
cellular phones? - Yes, beyond a shadow of a doubt. Refer to pages 
5 through 9 for details. 
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All products included in this selection tree are recommended for new designs 


"` High Speed Operational Amplifier and Buffer Selection Tree 


Gain Bandwidth Product 






LM6321 
LM6325 
LM6361 


LM7131 









Singles | LM6365 (Av > 25) | LM6364 (Av > 5) | LM6181 
LM6362 (Av > 2) 





Duals 


Quads 


Slew Rate 


Singles LM6181 LM7131 


LM6325 


Duals 
Quads 





Singles LM6181 


Duals 
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^ High Speed Operational Amplifier and Buffer Ordering Guide 


Slew Rate GBW Vos 14" Operating 
Databook (V/ps) (MHz) (mV) (mA) Temperature 

Part # Reference Typ Typ Max Max Packages Ranges 
LF147 Note 1 15 4 5 11 J14 С, 1, М 
LF156A Note 1 12 5 4 7 H08 C, I, M 
LF351 Note 1 13 4 10 3.4 M08, N08 e 
LF353 Note 1 13 4 10 6.5 H08, M08, N08 C 
LF411A Note 1 15 4 0.5 2.8 H08, N08 C 
LF412A Note 1 15 4 1.0 5.6 H08, N08 C,M 
LF451 Note 1 13 4 5 3.4 M08 С 
LF453 Note 1 13 4 5 6.5 M08 C 
LH0003 Note 1 70 30 3 19 H10 C,M 
LH0024 Note 1 500 70 4 +15 HOS I, M 
LH0032 Note 1 500 70 5 t20 65 LM 

*Max supply current specified for each amplifier 

Package Code Key (Letter — Pkg Type; Number = # of pins) Temperature Ranges 

E = LCC M3 = SOT23-3 C = 0 to 70°C 

H/G = Metal Can M5 = SOT23-5 I = — 40 to 85°C or — 20 to 85°C 

J/D = Ceramic Dual-In-Line N = Plastic Dual-In-Line (PDIP) M = —55 to 125°C 

K = Metal Can (TO-3) T = TO-220 

M = SOIC V = PLCC 

MF = TSSOP W = Flatpak 

Z = TO-92 Note 1: 1995 Operational Amplifiers Databook 
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„> Low Power Operational Amplifier Selection Tree All products included in this selection tree are recommended for new designs 





Maximum Input Bias Current Typical Output Swing with V+ = 5V and Ry, = 100 kQ 
Unless Otherwise Specified 
Singles LMC6041 LMC6061 
LPC661 LMC6081 Singles LMC6001* 
LMC6081* 
Duals 
Duals 
Quads 
Quads 
*Typical Output Swing with Rl = 2 КО 
Singles LMC6061A LMC6061 LMC6041A LMC6041 vd 3 
LMC6081A LMC6081 LMC7101A LMC7101B ЕЕЕ ee WIN" = 2,7Y and Ry = 10060 
LPC661A LPC661 
Duals 





Quads 
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Low Power Operational Amplifier Ordering Guide 


Supply 
Is Vos Ip CMVR Output Swing (V) GBW Voltage Operating 
Databook (uA) (mV) (fA) (V) Typ with Ry, = 100 КО (MHz) Min Max Temperature 
Part # Reference Тур Мах Тур Typ Unless Otherwise Specified Typ (V) (У) Packages Ranges 

Specs at T4 = 25°C and Vs = +5V 
Singles 
LMC6001A Note 1 450 0.35 25 —0.4 to 3.1 0.10 to 4.87* 1.3 5 15 H08, N08 I 
LMC6001B Note 1 450 1 100 —0.4to3.1 0.10 to 4.87* 1.3 5 15 H08, N08 I 
LMC6001C Note 1 450 1 1000 —0.4to 3.1 0.10 to 4.87* 1.3 5 15 N08 I 
LMC6041 Note 1 14 6 2 — 0.4 to 3.1 0.004 to 4.987 0.075 5 15 M08, N08 I 
LMC6041A Note 1 14 3 2 —0.4 to 3.1 0.004 to 4.987 0.075 5 15 M08, N08 I 
LMC6061 Note 1 20 0.8 10 —0.4 to 3.1 0.005 to 4.995 0.1 5 15 M08, N08 I 
LMC6061A Note 1 20 0.35 10 —0.4 to 3.1 0.005 to 4.995 0.1 5 15 | M08, N08 I,M 
LMC6081 Note 1 450 0.8 10 — 0.4 to 3.1 0.10 to 4.87* 1.3 5 15 | M08, N08 I 
LMC6081A Note 1 450 035 10 — 0.4 ю 3.1 0.10 to 4.87* 1.3 5 15 | M08, N08 1, М 
1МС7101А Note 1 500 4 1000 —0.3 to 5.3 0.10 to 4.90* 1.0 3 15 | M5, NO8 I 
LMC7101B Note 1 500 7 1000 —0.3to 5.3 0.10 to 4.90* 1.0 3 15 | M5, NO8 I 
LPC661 Note 1 55 6 2 — 0.4 to 3.1 0.004 to 4.987 0.35 5 15 | M08, N08 I 
LPC661A Note 1 55 3 2 — 0.4 ю 3.1 0.004 to 4.987 0.35 5 15 | M08, N08 LM 

*Typical Output Swing with (RJ, — 2 kQ) 

Package Code Key (Letter = Pkg Type; Number = # of pins) Temperature Ranges 

Е = LCC M3 = SOT23-3 C = 0 to 70°C 

H/G = Metal Can M5 = SOT23-5 I = — 40 to 85°C or — 20 to 85°C 

J/D = Ceramic Dual-In-Line N = Plastic Dual-In-Line (PDIP) M = —55 to 125°C 

K = Metal Can (TO-3) T = TO-220 E = —40 to 125°C 

M = SOIC V = PLCC 

MF = TSSOP Жі ion. Note 1: 1995 Operational Amplifiers Databook 
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^ Low Power Operational Amplifier Ordering Guide (Continued) 


Supply 
Is Vos Ig CMVR Output Swing (V) GBW Voltage Operating 
Databook (yA) (mV) (fA) (V) Typ with Ry = 100 kQ (MHz) Min Max Temperature 
Part # Reference Typ Max Typ Typ Unless Otherwise Specified Typ (V) (V) Packages Ranges 
Specs at Ta = 25°C and Vg = +5V 
Quads 
LMC6024 Note 1 160 9 40 — 0.4 to 3.1 0.004 to 4.987 0.35 5 15 M14, N14 I 
LMC6034 Note 1 1500 9 40 — 0.4 to 3.1 0.10 to 4.87* 1.4 5 15 M14, N14 I 
LMC6044 Note 1 40 6 2 — 0.4 to 3.1 0.004 to 4.987 0.1 5 15 M14, N14 I 
LMC6044A Note 1 40 3 2 — 0.4 to 3.1 0.004 to 4.987 0.1 5 15 M14, N14 I 
LMC6064 Note 1 64 0.8 10 — 0.4 to 3.1 0.005 to 4.995 0.1 5 15 M14, N14 I 
LMC6064A Note 1 64 0.35 10 — 0.4 to 3.1 0.005 to 4.995 0.1 5 15 M14, N14 I,M 
LMC6084 Note 1 1800 0.8 10 — 0.4 to 3.1 0.10 to 4.87* 1.3 5 15 M14, N14 I 
LMC6084A Note 1 1800 0.35 10 — 0.4 to 3.1 0.10 to 4.87* 1.3 3 15 M14, N14 I,M 
LMC6464A Note 1 80 0.5 150 — 0.2 to 5.3 0.005 to 4.995 0.0 3 15 M14, N14 I,M 
LMC6464B Note 1 80 3 150 —0.2 to 5.3 0.005 to 4.995 0.05 3 LS M14, N14 I 
LMC6484 Note 1 2000 3 20 0 to 5 0.10 to 4.9* 1.3 3 15 M14, N14 I,M 
LMC6484A Note 1 2000 0.5 20 0 to 5 0.10 to 4.9* 1.3 3 15 M14, N14 I 
LMC6494A Note 1 2000 3 150 -—0.3 to 5.3 0.10 to 4.9* 12 5 15 М14, М14 Е 
LMC6494B Note 1 2000 6 150 —0.3 66 5.3 0.10 to 4.9* 1.5 5 15 M14, N14 E 
LMC6574A Note 1 160 9.3 20 —0:2 to 1.9 0.005 to 2.695* 0.2 2.7 11 M14, N14 I 
LMC6574B Note 1 160 7.5 20 — 0.2 to 1.9 0.005 to 2.695* 0.22 2:7 11 M14, N14 I 
LMC660 Note 1 1500 6 2 — 0.4 to 3.1 0.10 to 4.87* 1.4 5 15 M14, N14 I 
LMC660A Note 1 1500 3 2 — 0.4 to 3.1 0.10 to 4.87* 1.4 5 15 J14, M14, N14 I,M 
LPC660 Note 1 160 6 2 — 0.4 to 3.1 0.004 to 4.987 0.35 5 15 M14, N14 I 
LPC660A Note 1 160 3 2 — 0.4 to 3.1 0.004 to 4.987 0.35 5 15 J14, M14, N14 I, M 
"Typical Output Swing with Ri = 2 kQ. 
**Typical Output Swing with Vs — 27V. 

Package Code Key (Letter — Pkg Type; Number = # of pins) Temperature Ranges 

E = LCC M3 = SOT23-3 C = 0to 70°C 

H/G = Metal Can М5 = SOT23-5 I = —40 to 85°C or — 20 to 85°C 

J/D = Ceramic Dual-In-Line N = Plastic Dual-In-Line (PDIP) M = —55 to 125°C 

K = Metal Can (TO-3) T = TO-220 E = —40 to 125°C 

M = SOIC V = PLCC 

MF = TSSOP W = Flatpak 

Z = TO-92 Note 1: 1995 Operational Amplifiers Databook 
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~ General Purpose Operational Amplifier Ordering Guide (Continued) 


Slew Supply Supply 
Vos Ip GBW Rate Current Voltage Operating 
Databook (mV) (nA) (MHz) (V/ps) (mA) (V) (V) Temperature 

Part 7 Reference Max Max Typ Typ Max Min Max Packages Ranges 
LF444A Note 1 5 50 1 1 0.80 +6 124 D14, N14 C,M 
LH0004 Note 1 1 100 10 0.15 %9 +45 H10 C,M 
LH0042 Note 1 20 0.025 1 2 9:9 ЖЛ +22 H08 1, М 
LM10 Note 1 2 20 0.09 0.1 0.4 +0.6 +225 НО8, М14, К08 С, 1, М 
1М101А/201А/301А Note 1 2 75 1 0.5 3 +3 122 H08, J08, N08 С, 1, М 
1М108/208А/308 Note 1 0.3 2 1 0.3 0.6 2 + 20 H08, M08, N08 C, I, M 
LM124/224/324 Note 1 5 150 1 0.5 3 5 32 J14, M14, N14 C, T, M 
LM124A/224A/324A Note 1 2 50 1 0.5 3 3 32 J14, M14, N14 С, 1, М 
LM143/343 Note 1 5 20 1 22 4 +4 + 40 нов ,M 
LM146/246/346 Note 1 5 100 1.2 0.4 2.2 +35 #22 J16,M16,N16 С, 1, М 
LM148/248/348 Note 1 5 100 1 0.5 3.6 t$ +22  JA4, M14, N14 С, 1, М 
1М158/258/358 Note 1 5 150 1 0.5 2 3 34 #08, J08, M08, N08 С, 1, М 
LM158A/358A Note 1 2 50 1 0.5 2 3 32 H08, J08, M08, N08 C, M 
LM207/307 Note 1 2 100 1 0.5 3 £3 +22 J08, N08 с 
1М741 Note 1 5 500 1 0.5 2.8 t3 i22 HO08, J08, M08, N08 С, 1, М 
1М1458/1558 Note 1 5 500 5 t4 + 22 H08, J08, M08, N08 ,M 
LM4250 Note 1 5 50 0.2 0.2 0.1 +4 +18 H08, J08, M08 M 
LP324/LP2902 Note 1 2 4 0.1 0.05 0.13 3 32 M14, N14 С, 1, М 

Package Code Key (Letter = Pkg Type; Number = # of pins) Temperature Ranges 
E = LCC M3 = SOT23-3 С. = 0 to 70°C 


H/G = Metal Can M5 = SOT23-5 I = —40 to 85°C or —20 to 85°C 
J/D = Ceramic Dual-In-Line N = Plastic Dual-In-Line (PDIP) M = —55 to 125°C 
K = Metal Can (TO-3) T = TO-220 
M = SOIC V = PLCC 
MF = TSSOP W = Flatpak 
7. = ТО-92 Note 1: 1995 Operational Amplifiers Databook 
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> Сотрагаюг Selection Tree All products included in this selection tree are recommended for new designs 


Singles LP311 
Duals 


Quads 


Singles LMC7211B 
Duals 


Quads 


Singles 
Duals 
Quads 
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Duals 


Quads 
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o Audio Power Amp Selection Tree All products included in this selection tree are recommended for new designs 


User’s 3V | LM4860 
Supply LM4861 
Voltage LM831 


5V | LM4860 

LM4861 
(Vs = 6V) | LM386 
(Vs = 6V) | LM388 
LM831 

(Vs = 6V) | LM1896 


12V | LM380 
LM383 
LM384 
LM386 
LM1877 
LM2877 
LM2878 
LM2896 


14V | LM380 
LM383 

LM384 

(Vs = 16V) | LM386 
LM1877 

LM2877 

LM2878 

LM2879 





*Power specified as continuous RMS 
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= Audio Power Amp Ordering Guide 


Databook 
Part # Description Reference 
LM380 Audio Power Amplifier Note 1 
LM383 7 Watt Audio Power Amp Note 1 
LM384 5 Watt Power Audio Amp Note 1 
LM386 Low Voltage Audio Power Amp Note 1 
LM388 1.5 Watt Audio Power Amp Note 1 
LM831 Low Voltage Audio Power Amp Note 1 
LM1875 20 Watt Power Audio Amp Note 1 
LM1877  DualPower Audio Amp Note 1 
LM1896 Dual Power Audio Amp Note 1 


Package Code Key (Letter = Pkg Type; Number = # of pins) 


E = LCC 

H/G = Metal Can 

J/D = Ceramic Dual-In-Line 
K = Metal Can (TO-3) 

M = SOIC 

MF = TSSOP 


M3 = SOT-23 

N = Plastic Dual-In-Line (PDIP) 
S — Single-In-Line 

T = TO-220 

V = PLCC 

W = Flatpak 

Z = TO-92 


Typical THD 
THD Measurement 
Rating Conditions 
0.50% Po = 4W @ Vs = 22V 
0.20% Po = 2W @ Vs = 14.4V 
0.25% Ро = 4W @ Vs = 22V 
0.25% Po =0.125W @Vs = 6V 
0.10% Ро = 0.5W @ Vs = 12V 
0.25% Ро = 0.05% @ У; = 3V 
0.02% Po = 20W @ Vs = +25V 
0.055% Ро = 1W @ Vs = 14V 
0.11% Po = 0.5W @ Vs = 6V 
Temperature Ranges 
C = 0 to 70°C 


1= —40 to 85°C.or —20 to 85C 
M = —55 to 125°C 


Supply 
Range 


10V to 22V 
5V to 20V 
12V to 26V 
4V to 18V 
4V to 12V 
1.8V to 6V 
16V to 60V 
6V to 24V 
3V to 10V 


Single/Dual 


Single 
Single 
Single 
Single 
Single 
Dual 
Single 
Dual 
Dual 


Note 1: 1995 Application Specific Analog Products Databook. 


Packages 


N8, N14 
T5 

N14 

M8, N8 
N14 
M16, N16 
T5 

M14, N14 
N14 


Operating 
Temperature 


Ranges 
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Audio Control/Noise Reduction/Op Amp Selection Tree 


Audio Control (Function Selection) 














LM1972 LM1036 LMC835 
LM1973 LMC1982 
LMC1983 


LMC1992 


Audio Op Amps/Noise Reduction 
(Function Selection) 


LM1894 





LF412 
LM833 
LM837 
LM6142 
LM6144 






All products included in this selection tree are recommended for new designs 
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Video Preamps Selection Tree 


Monochrome/RGB 













LM1201 
LM1202 


LM1203 
LM1203A 
LM1203B 
LM1204 
LM1205 
LM1208 
LM1207 
LM1209 


Bandwidth 





LM1203 
LM1203B 
LM1207 


LM1201 
LM1205 
LM1208 
LM1209 


LM1202 
LM1203A 
LM1204 













= 
2 
Б 


1М 1202 1М 1201 





1М 1203 





1М 12034 1М 12038 
1М 1204 1М 1205 
1М 1207 1М 1208 


1М 1209 


All products included in this selection tree are recommended for new designs 
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* Analog to Digital Converter Selection Tree 













fs = 1 MSPS 
tconv <1 Ls 


100 KSPS = fs < 1 MSPS 
1 Ls < tconv < 10 Ls 








ADCO08061/2 (Parallel) 
ADC08161 (Parallel) 


ADC0820 (Parallel) 
ADC08031/2/4/8 (Serial) 
ADC08131/4/8 (Serial) 
ADC08231/4/8 (Serial) 






ADC1061 (Parallel) 
ADC10154/8 (Parallel) 
ADC10731/2/4/8 (Serial) 
ADC10831/2/4/8 (Serial) 


ADC10061/2/4 (Parallel) 
ADC10461/2/4 (Parallel) 
ADC10661/2/4 (Parallel) 


ADC1251 (Parallel) 
ADC12451 (Parallel) 
LM12454/8 (Parallel) 
LM12H454/8 (Parallel) 
LM12L454/8 (Parallel) 
ADC12030/2/4/8 (Serial) 
ADC12H030/2/4/8 (Serial) 
ADC12L030/2/4/8 (Serial) 
LM12434/8 (Serial) 
LM12L438 (Serial) 


ADC12062 (Parallel) 
ADC12662 (Parallel) 


ADC16071 (Serial) 
ADC16471 (Serial) 





All products included in this selection tree are recommended for new designs 





fs < 100 KSPS 
tconv > 10 из 









ADC0800 (Parallel) 
ADC0801/2/3/4/5/8 (Parallel) 
ADC0841/4/8 (Parallel) 
ADCO811 (Serial) 
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ADC0831/2/3/4/8 (Serial) 
ADC0851/8 (Serial) 


ADC1025 (Parallel) 
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ADC1031/4/8 (Serial) 


ADC1205/25 (Parallel) 
ADC1210/1 (Parallel) 
ADC1241 (Parallel) 
ADC1242 (Parallel) 
ADC12441 (Parallel) 
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® Analog to Digital Converter Ordering Guide (Continued) 


Power Accuracy Conversion Operating 
Databook УСС Consumption + Time Temperature 
Part # Description Reference (V) (mW) (LSB) (us) Packages Ranges 
8-Bit A/D Converters (cont. ) 
ADCOS858 8-Bit Analog Data Acquisition and Monitoring System Note 1 5 50 1/2 18 C20, N20, V20 1, М 
ADC08031 8-Bit High-Speed Serial I/O ADC Note 1 5 20 1/2 8 C8, M14, N8 I,M 
ADC08032 8-Bit High-Speed Serial I/O ADC Note 1 5 20 1/2 8 C8, M14, N8 I,M 
with 2-Channel MUX 
ADC08034 . 8-Bit High-Speed Serial I/O ADC Note 1 5 20 1/2 8 C14, M14, N14 I,M 
with 4-Channel MUX 
ADC08038  8-Bit High-Speed Serial I/O ADC Note 1 5 20 1/2 8 C20, M20, N20 І, М 
with 8-Channel MUX 
ADC08061 500 ns ADC with S/H Note 1 5 100 172 0.560 C20, M20, N20 I,M 
ADC08062 500 ns ADC with S/H and 2-Channel MUX Note 1 3 100 1/2 0.560 M20, N20 I 
ADC08131  8-Bit High-Speed Serial I/O ADC Note 1 5 20 1/2 8 C8, M14, N8 I,M 
ADC08134 = 8-Bit High-Speed Serial I/O ADC Note 1 5 20 1/2 8 C14, M14, N14 I,M 
with 4-Channel MUX 
ADC08138 = 8-Bit High-Speed Serial I/O ADC Note 1 5 20 1/2 8 C20, M20, N20 I,M 
with 8-Channel MUX 
ADC08161 500 ns ADC with S/H, 2.5V Bandgap Reference Note 1 5 100 1/2 0.560 C20, M20, N20 I,M 
ADC08231  8-Bit Serial ADC with Reference, and Track/Hold Note 1 5 20 1/2 2 C8, M14, N8 I, M 
ADC08234 8-Bit Serial ADC with MUX, Reference, and Note 1 5 20 172 2 C14, M14, MF14, N14 I,M 
Track/Hold 
ADC08238 — 8-Bit Serial ADC with MUX, Reference, and Note 1 5 20 1/2 2 C20, M20, N20 I,M 
Track/Hold 
Microcontrollers with A/D Converters 
СОРВВВСЕ 8-Ві: Microcontroller with 8-Bit ADC Note 2 6 to 2.5 72 1 7.2 M28, N28, N40, V44 C,I 
with 8-Channel MUX 
COP888EK  S-Bit Microcontroller with Greater Than 10-Bit* ADC Note 2 6 to 2.5 75 1 4000 M28, N28, N40, V44 С 
with 6-Channel MUX 
*ADC can be programmed for 10-bit to 16-bit applications 
Package Code Key (Letter = Pkg Type; Number = # of pins) Temperature Ranges 
E = LCC M3 = SOT-23 С = 0 to 70°C 
H/G = Metal Can N = Plastic Dual-In-Line (PDIP) I = — 40 to 85°C or — 20 to 85°C 
J/D = Ceramic Dual-In-Line T = TO-220 = —55 to 125°C 
K = Metal Can (TO-3) V = PLCC 
M = SOIC W = Flatpak Note 1: 1995 Data Acquisition Databook 
MF = TSSOP Z = TO-92 Note 2: 1994 COP8 Databook 
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Analog to Digital Converter Ordering Guide (Continued) 


Part # 


12-Bit A/D Converters 


ADC12030 
ADC12032 


ADC12034 


ADC12038 


ADC12H030/2/4/8 
ADC12L030/2/4/8 


ADC12062 
ADC12662 
ADC1205B 
ADC1205C 
ADC1210 
ADC1211 
ADC1225B 
ADC1225C 
ADC1241 


ADC1242 
ADC12441 


ADC12451 


ADC1251 


Package Code Key (Letter = Pkg Type; Number = # of pins) 


E = LCC 

H/G = Metal Can 

J/D = Ceramic Dual-In-Line 
K = Metal Can (TO-3) 

M = SOIC 

MF = TSSOP 


Description 


Self-Calibrating 12-Bit * Serial I/O ADC 
Self-Calibrating 12-Bit + Serial I/O ADC 
with 2-Channel MUX 
Self-Calibrating 12-Bit + Serial I/O ADC 
with 4-Channel MUX 
Self-Calibrating 12-Bit + Serial I/O ADC 
with 8-Channel MUX 
Self-Calibrating 12-Bit + Serial I/O ADC 
Self-Calibrating 12-Bit + Serial I/O ADC 
12-Bit 1.0 MHz, 75 mW A/D Converter with T/H 
12-Bit 1.5 MHz, 200 mW A/D Converter with T/H 
12-Bit + uP Compatible ADC 
12-Bit + uP Compatible ADC 
12-Bit CMOS ADC 
12-Bit CMOS ADC 
12-Ви + иР Compatible ADC 
12-Ви + иР Compatible ADC 
Self-Calibrating 12-Bit uP Compatible ADC 
with Sample/Hold 
12-Bit + up Compatible ADC with Sample/Hold 
Dynamically-Tested Self-Calibrating 
12-Bit + Converter 
Dynamically-Tested Self-Calibrating 
12-Bit + Converter 
Self-Calibrating 12-Bit + Converter 
with Sample/Hold 


M3 = SOT-23 C= 00 70°C 


N = Plastic Dual-In-Line (PDIP) 


V = PLCC 
W = Flatpak 
Z = TO-92 


Temperature Ranges 


Databook 
Reference 


Note 1 
Note 1 


Note 1 


Note 1 


Note 1 
Note 1 
Note 1 
Note 1 
Note 1 
Note 1 
Note 1 
Note 1 
Note 1 
Note 1 
Note 1 


Note 1 
Note 1 


Note 1 


Note 1 


I = —40 to 85°C or — 20 to 85°C 
T = TO-220 = — 55 to 125°C 
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Packages 


M16, N16 
M20, N20 
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e Digital to Analog Converter Selection Tree All products included in this selection tree are recommended for new designs 





Parallel: 





Settling Time (tç) 
ts = 500 ns 


Settling Time (ts) 
ts < 500 ns 






Settling Time (66) 
ts < 500 ns 










DAC1220/1/2 
DAC1266 


DAC0800/1/2 DAC1000/1/2/6/7/8 
DAC0806/7/8 ! DAC1020/1/2 


Settling Time (tç) 
ts = 1 HS 





Settling Time (tç) 
1$ = & < 3 us 








DAC0830/1/2 DAC1208 
DAC0890 DAC1209 
DAC1210 
DAC1218 
DAC1219 


DAC1230/1/2 





Settling Time (tç) 


Settling Time (tg) 


ts = 2.7 us ts - 3.7 ив 





DAC0854 (Quad) DAC1054 (Quad) 
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сә Voltage Reference Selection Tree All products included in this selection tree are recommended for new designs 


Voltage References Offering Initial Output Accuracy < + 1% (ТА = 25°C) 


LM4041C LM4041A/B/C | LM368-2.5 


LM4040A/B/C 
LM9140B/X/Y 












LM4040A/B/C | LM368-5.0 
LM9140B/X/Y | LM4040A/B/C 
LM9140B/X/Y 


LM4040A/B/C | LM368-10 


LM169B 
LM369B/C/D 

LM4040A/B/C 
LM9140B/X/Y 














Voltage References Offering Initial Output Accuracy Between + 196 ап4 + 396 (ТА = 25°C) 
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* Voltage Reference Ordering Guide (Continued) 


Operating 
Databook Vref Drift Violerance Temperature 
Part # Description Reference (V) Lange ррт/ С (%) Packages Ranges 

LM136-2.5 Reference Diode Note 1 23 400 pA to 10 mA 72 til x4 M M 
LM136-5.0 Reference Diode Note 1 5 400 pA to 10 mA 74 ЖЕ H, M8, Z M 
1М185-1.2  Micropower Voltage Reference Diode Note 1 1.2 10 рА to 20 mA 30, 50, 150 +) H M 
LM185-2.5  Micropower Voltage Reference Diode Note 1 22 10 pA to 20 mA 30, 50, 150 11.5 H M 
LM236-2.5 Reference Diode Note 1 2.5 400 pA to 10 mA 74 1122 H, M8, Z I 
LM236-5.0 Reference Diode Note 1 5 400 pA to 10 mA 72 #1.#2 H, M8, Z I 
1М285-1.2 Micropower Voltage Reference Diode Note 1 1:2 10 БА to 20 mA 30, 50, 150 +] М8, 2 І 
LM285-2.5 ) Micropower Voltage Reference Diode Note 1 2:5 10 pA to 20 mA 30, 50, 150 ELI M8, Z I 
LM329D Precision Reference Note 1 6.9 600 uA to 15 mA 100 #5 H, С 
LM368 Precision Voltage Reference Note 1 2.5,5,10  —10 mA to 10 mA 30 хо H © 
LM369 Precision Voltage Reference Note 1 10 — 10 mA to 10 mA 5 +0.05 H, M8, Z C 
LM369B Precision Voltage Reference Note 1 10 — 10 mA to 10 mA 3 +0.05 H, M8, Z C 
LM369C Precision Voltage Reference Note 1 10 — 10 mA to 10 mA 10 + 0.05 H, M8, Z C 
LM369D Precision Voltage Reference Note 1 10 — 10 mA to 10 mA 30 +0.05 H, M8, Z C 
LM385 Adjustable Micropower Voltage Reference Note 1 ADJ 10 pA to 20 mA 150 t4 M8,Z C 
LM385BX Adjustable Micropower Voltage Reference Note 1 ADJ 10 pA to 20 mA 30 +1 M8, Z C 
LM385BY Adjustable Micropower Voltage Reference Note 1 ADJ 10 pA to 20 mA 50 =] M8, Z C 
LM399 Precision Reference Note 1 6.95 500 wA to 15 mA 2:25:20 t5 H G 
LM3999 Precision Reference Note 1 6.95 600 uA to 15 mA 5 +3 Z © 

Package Code Key (Letter = Pkg Type; Number = # of pins) Temperature Ranges 

E = LCC M3 = SOT-23 C = 0to 70°C 

H/G = Metal Can N = Plastic Dual-In-Line (PDIP) I = —40 to 85°C or — 20 to 85°C 

J/D = Ceramic Dual-In-Line T = TO-220 M = —55 to 125°C 

K = Metal Can (TO-3) V = PLCC 

M = SOIC W = Flatpak 

MF = TSSOP 7. = ТО-92 Note 1: 1995 Data Acquisition Databook 
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Temperature Sensor Selection Tree 
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Temperature Scale Conversion Equations 
"C= 3/9C R= 32) °K = °C «273.15 
"F’= 9/3 C +32 °R = °F +459.7 
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<> §witched-Capacitor Filter Ordering Guide 


Frequency Q Operating 
Databook Max Range Accuracy Temperature 
Part # Description Reference Type Order (КН?) (96) Packages Ranges 
LMF40 High Performance 4th Order Switched Capacitor Note 1 Lowpass 4th 0.1-40 NA N8, WMI4 I,M 
Butterworth Low-Pass Filter 
LMF60 High Performance 6th Order Switched Capacitor Note 1 Lowpass 6th 0.1-30 NA J14, N14, WM14 I,M 
Butterworth Low-Pass Filter 
LMF90 4th Order Elliptic Notch Filter Note 1 Notch 4th 0.1-30 NA N14, WM14 C, I, M 
LMF100 High Performance Dual Switched Capacitor Filter Note 1 Universal 4th 0.1-40 +2 J20, M20, N20 С, 1, М 
LMF120 Mask Programmable Switched Capacitor Filter Note 1 Universal Programmable 12th 0.1-100 +2 J20, N20, V20 C,I,M 
LMF380 Triple One-Third Switched Capacitor Active Filter Note 1 Triple М; Octave 12th 0.1-25 NA J16, N16, V20 LM 
MF4 4th Order Switched Capacitor Butterworth Note 1 Lowpass 4th 0.1-20 NA №8, WM14 C 
Low-Pass Filter 
MF5 Universal Monolithic Switched Capacitor Filter Note 1 Universal 2nd 0.1-30 t6 M14, N14 C 
MF6 6th Order Switched Capacitor Butterworth Note 1 Lowpass 6th 0.1-20 NA J14, N14, WM14 С;1 
Low-Pass Filter 
МЕЗ 4th Order Switched Capacitor Bandpass Filter Note 1 Bandpass 4th 0.1-20 +2 J18, N18 C 
MF10 Universal Monolithic Dual Switched Capacitor Filter Note 1 Universal 4th 0.1-30 t4 J20, N20, WM20 С, 1, М 
Package Code Key (Letter = Pkg Type; Number = # of pins) Temperature Ranges 
E = LCC M3 = SOT-23 C = 0to 70°C 
H/G = Metal Can N = Plastic Dual-In-Line (PDIP) I = —40 to 85°C or — 20 to 85°C 
J/D = Ceramic Dual-In-Line T = TO-220 M = —55 to 125°C 
K = Metal Can (TO-3) V = PLCC 
M = SOIC W = Flatpak 
MF = TSSOP Z = TO-92 Note 1: 1995 Data Acquisition Databook 
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5 Switching Regulator Selection Tree All products included in this selection tree are recommended for new designs 


Buck (Step-Down) Converters 
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Standard Input Output Switching Operating 
Databook Operating Voltage Voltage Frequency Efficiency Temperature 
Current Part # Reference Modes (V) (V) (kHz) (%) Packages Ranges (TJC) 
5.0A LM2587 Note 1 Step-Up, Flyback 4 to 40 3.3, 5, 12, Adjustable 100 75 to 90 85, 15 — 40 to +125 
3.0A LM2577 Note 1 Step-Up, Flyback — 3.5 to 40 12, 15, Adjustable 52 80 M24, N16, S5, T5 — 40 to + 125 
LM2576 Note 1 Step-Down 4 to 40 2,3 2212215; 52 77 to 88 S5, T5 — 40 to +125 
Adj. (1.23 to 37) 
LM2576HV Note 1 Step-Down 4 to 60 3:4; 5, 13-15. 52 77 to 88 T3 — 40 to «125 
Adj. (1.23 to 57) 
1.0A LM2575 Note 1 Step-Down 4 to 40 3.3.2. 12719, 52 77 to 88 M24, N16, S5, T5 — 40 to +125 
Adj. (1.23 to 37) 
LM2575HV Note 1 Step-Down 4 to 60 LR SEES 52 77 to 88 M24, N16, S5, 15 — 40 to +125 
Adj. (1.23 to 57) 
0.5A LM2574 Note 1 Step-Down 4 to 40 3.2.5. 12; 15, 52 77 to 88 M14, N8 — 40 to +125 
Adj. (1.23 to 37) 
LM2574HV Note 1 Step-Down 4 to 60 3:35 8, 14.15, 52 77 to 88 M14, N8 —40 to +125 


Simple Switcher™ Power Converter Ordering Guide 


Adj. (1.23 to 57) 


Package Code Key (Letter = Pkg Type; Number = # of pins) 

E = LCC M5 = SOT-23 

H/G = Metal Can N = Plastic Dual-In-Line (PDIP) 
J/D = Ceramic Dual-In-Line S = Surface Mount (TO-263) 


K = Metal Can (TO-3) T = TO-220 

M = SOIC V = PLCC 

MF = TSSOP W = Flatpak 

M3 = SOT-23 7 = Т092 Note 1: 1995 Power IC’s Databook 
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Low Dropout Regulator Selection Tree 


Positive Vout 


Negative Vout 


Positive Vout 


Negative Vout 





Load Current 
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Quiescent Current 
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LP2957 
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LP2953 LM2927 
LM2937 
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All products included in this selection tree are recommended for new designs 
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% Low Dropout Regulators Ordering Guide 


Typical Maximum Typical Reverse 
Output Output Dropout Input Quiescent Polarity Transient Operating 
Current Databook Voltage Voltage* Voltage Current Protection Protection Temperature 
(A) Part # Reference (V) (V) (V) (mA) (V) (V) Packages Ranges (Ту°С) 
1.0 LM2940 Note 1 5, 8, 9, 10, 12 0.5 26 10 “Үз 1:00.90 83,13 — 40 to +150 
LM2940C Note 1 5-12; 19 0.5 26 10 — № +45/ — 45 92, 19 0 to +150 
LM2941 Note 1 Adj. (5 to 20) 0:5 26 10 —15 +60/ —50 83. 15 — 40 to +150 
LM2941C Note 1 Adj. (5 to 20) 0.5 26 10 = а +49745 . 99,15 0 to +150 
LM2990 Note 1 -5,-5.2,--12, -15 0.6 --26 1 — 40 to +125 
LM2991 Note 1 Adi.(—2to —25) 0.6 —26 1 $5. T5 — 40 to +125 
LM3940 Note 1 3.3 0.5 8 10 83, T3 — 40 то + 125 
0.75 LM2925 Note 1 2 0.82 26 3 n3 *60/—50 . 15 — 40 to +150 
LM2935 Note 1 Two 5V Outputs 0.82 26 3 € 15 +607 —50 12 — 40 to +150 
0.5 LM2926 Note 1 2 0.35 26 2 - 18 -80/-50 T3 — 40 to +125 
LM2927 Note 1 5 0.35 26 2 — 18 +80/—50 Т5 — 40 to +125 
LM2937E Note 1 3. B. НЫЕ: 0.5 26 2 -43 +60/-50 $3. T3 — 40 to +125 
LM2984 Note 1 Three 5V Outputs 0.53 26 14 = 9 *60/-—-35. ТИ — 40 to +150 
0.25 LP2952I Note 1 3.3,. 3. АдК 0 1.2310.29) 0.47 30 0.130 — 20 M16, N14 — 40 to +125 
LP2953I Note 1 3.3, 5, Adj. (1.23 to 29) 0.47 30 0.130 720 M16, N16 — 40 to +125 
1Р29541 Note 1 5 0.47 30 0.090 -20 За. ТА — 40 to +125 
LP2956I Note 1 5, Adj. (1.23 to 29) 0.47 30 0.075 - ZU M16, N16 — 40 to +125 
LP2957I Note 1 5 0.47 30 0.150 — 20 $3. 15 — 40 to «125 
0.15 LM330 Note 1 5 0.32 26 33 —14 *90/—30. VS 0 to +125 
LM2930 Note 1 T 0.32 26 4 --б *40/ — 12 8S5, T3 —40 to +125 
0.1 LM2931 Note 1 5 0.3 24 0.400 — $5 +60/ — 50 MS8, S3, T3, Z3 — 40 to +125 
LM2931C Note 1 Adj. (3 to 29) 0.3 24 0.400 —13 +60/-50 M8, S5, T5 — 40 to +125 
LP2950C Note 1 373.3; 0.38 30 0.075 Z3 — 40 to +125 
LP2951C Note 1 3/3.3, 5, Adj. (1.24 to 29) 0.38 30 0.075 M8, N8 — 40 ю +125 
0.05 LM2936 Note 1 5 0.2 40 0.009 TF +60/ — 50 M8, Z3 — 40 to +125 
LM2980I Note 1 313.5, 2 0.12 16 0.065 M5 — 40 to «125 
*Typical dropout voltage specified under full load operation 
Package Code Key (Letter = Pkg Type; Number = # of pins) 
E = LCC M5 = SOT-23 
H/G = Metal Can N = Plastic Dual-In-Line (PDIP) 
J/D = Ceramic Dual-In-Line S — TO-263 
K — Metal Can (TO-3) T = TO-220 
M = SOIC V = PLCC 
MF = TSSOP W = Flatpak 
M3 = SOT-23 Z = TO-92 Note 1: 1995 Power IC’s Databook 
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< General Purpose Linear Voltage Regulators Ordering Guide (Continued) 


Output Output Input Operating 
Current Databook Voltage Voltage* Temperature 
(A) Part # Reference (V) (V) Packages Ranges (Ty’C) 
Adjustable Negative Voltage Regulators 
3.0 LM133 Note 1 92-30 DR- S33 К —55 to +150 
LM333 Note 1 1208 — 32 ОИУ Rees —40 to +125 
1.5 LM2337 Note 1 —1.21:10 —57 . DUE S40 К2 13 0 to «125 
LM337HV Note 1 = 1,240—47 DH s30 KZ 0 to +125 
0.5 LM137 Note 1 —Liw:-37. IDE <40. H3 —55.t0 +150 
LM337 Note 1 —L21]0 375 LUES40. H3 0 to +125 
LM337HV Note 1 -120-47 ПИ. <= 50 НЭ 0 to +125 
0.1 LM337L Note 1 -120-37 DEE <40 МӘ, 243 —25 to +125 


Building Block Adjustable Positive and Negative Voltage Regulators 


150mA 1М723 Note 1 2 to 37 9.5 to 40 H10 —55 to +150 
LM723C Note 1 2 to 37 9.5 to 40 H10, N14 0 to +150 
45 mA LM105 Note 1 4.5 to 40 8.5 to 50 H8 —55 to +150 
LM305 Note 1 4.5 to 40 8.5 to 50 H8 Oto +85 
LM305A Note 1 4.5 to 40 8.5 to 50 H8 0 to +150 
LM376 Note 1 5 1037 9 to 40 N8 0 to +100 
*In cases where the regulator is “floating” the maximum input-to-output voltage differential is listed. 
Package Code Key (Letter = Pkg Type; Number = # of pins) 
E = LCC N = Plastic Dual-In-Line (PDIP) 
H/G = Metal Can 5 = TO-263 
J/D = Ceramic Dual-In-Line T = TO-220 
K = Metal Can (TO-3) P = TO-202 
M = SOIC V = PLCC 
MF = TSSOP W = Flatpak 
M3 = SOT-23 Z = TO-92 
MS = SOT-23 Note 1: 1995 Power IC’s Databook 
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S General Purpose Linear Voltage Regulators Ordering Guide (Continued) 


Output Output Min Input Operating 
Current Databook Voltage Voltage Temperature 
(A) Part # Reference (V) (V) Packages Ranges (Ту°С) 
Fixed Negative Voltage Regulators 
3.0 LM345 Note 1 => — 20 K2 0 to +125 
1.5 LM79XXC Note 1 “5 =32 13 0 to +125 
Note 1 ers — 40 T3 0 to +125 
LM320 Note 1 => — 29 K2, T3 0 to +125 
Note 1 = 12. =415 7-47 K2, T3 0 to +125 
0.5 LM79MXXC Note 1 =g = 30 T3 О со +125 
Note 1 -12 mE T3 0 to +125 
Note 1 x та T3 0 to +125 
LM120 Note 1 =) =2% H3 —55 to +150 
LM320 Note 1 nS --29 H3 0 to +125 
0.2 LM120 Note 1 mi ub - 34 H3 —55 to +150 
LM320 Note 1 12; ~ 15 “192 H3 0 to +125 
0.1 LM79LXXAC Note 1 e cu 1 me M8, Z3 О со +125 
LM320L Note 1 e, 71215 9-49 23 0 to +125 
Output Output Max Input Operating 
Current Databook Voltage Voltage Temperature 
(A) Part # Reference (V) (V) Packages Ranges (TJC) 
Shunt Voltage Regulators 
0.15 LM431AC Note 1 2.5 to 36 37 M8, Z3 0 to +150 
LM431AI Note 1 2.5 to 36 27 23 — 40 to +150 


Package Code Key (Letter = Pkg Type; Number = # of pins) 


E = LCC N = Plastic Dual-In-Line (PDIP) 

H/G = Metal Can S — TO-263 

J/D = Ceramic Dual-In-Line P = TO-202 

K = Metal Can (TO-3) T = TO-220 

M = SOIC V = PLCC 

MF = TSSOP W = Flatpak 

M3 = SOT-23 Z = TO-92 

M5 = SOT-23 Note 1: 1995 Power IC’s Databook 
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Motor Drive Circuits—Bridges 


© Motion Control and Motor Drive Ordering Guide 


Output Max Input 
Databook Current Voltage 
Part # Description Reference (A) (V) 
LM18293 4-Channel Push-Pull Driver Note 1 1/Channel 36 
1М018200 DMOS H-Bridge with Internal Current Sense Note 1 3 55 
LMD18201 DMOS H-Bridge Note 1 3 55 
LMD18245 DMOS Full-Bridge Note 1 3 55 
Motor Drive Circuits—Linear 
Output Max Supply 
Databook Current Voltage 
Part # Description Reference (A) (V) 
LM12CL Monolithic Power Op-Amp Note 1 +10 + 30 
Precision Motion Control 
Databook 
Part # Features Reference 
LM628 32-Bit Position, Velocity, and Acceleration Registers; Position and Velocity Note 1 
Modes; 16-Bit PID Filter with Programmable Coefficients; 8- or 12-Bit DAC 
Output Data; Quadrature Incremental Encoder Interface; 8-Bit Asynchronous 
Host Interface 
LM629 Same Features as LM628, but with 8-Bit PWM Sign/Magnitude Output Data Note 1 
Offline Switching Power Supply Components 
Databook 
Part # Description Reference 
LM3001 Offline Chipset: Primary-Side PWM Driver Note 1 
LM3101 Offline Chipset: Secondary-Side PWM Controller Note 1 
LM3411 Precision Secondary Regulator/Driver Note 1 
Battery Charge Control 
Output 
Databook Voltage 
Part # Description Reference (V) 
LM3420 Lithium-Ion Battery Charge Controller Note 1 4.2, 8.4, 12.6 


Package Code Key (Letter = Pkg Type; Number = # of pins) 


= LCC M5 = SOT-23 
H/G = Metal Can N = Plastic Dual-In-Line (PDIP) 
J/D = Ceramic Dual-In-Line 5 = TO-263 
К = Metal Can (TO-3) T = TO-220 
M = SOIC V = PLCC 
MF = TSSOP W = Flatpak 
M3 = SOT-23 Z = TO-92 


Operating 
Temperature 
Packages Ranges (Ty'C) 


N16 —40 to +125 
T11 — 40 to +125 
TH — 40 to +125 
115 — 40 to «125 
Operating 
Temperature 
Packages Ranges (TJC) 
K4 —55 to +125 
Max Clock Operating 
Speed Temperature 
(MHz) Packages | Ranges (Ty'C) 
6 or 8 N28 — 40 to +85 
6 or 8 M24, N28 — 40 to +85 
Operating Temperature 
Packages Ranges (TJC) 
M14, N14 — 40 to +125 
M14, N14 — 40 to +125 
M5, N8 —40 to +125 
Operating Temperature 
Packages Ranges (TJC) 
M5 —40 to +125 


Note 1: 1995 Power IC’s Databook 
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— New Analog Products 


Semiconductor 





TinyPak™ ... 


Good Things Come in SOT23 Packages 


The real news about National’s TinyPak isn’t the small footprint SOT23 package. No, the real news is the power 


we've packed into them. Our tiny devices offer the performance of parts twice their size. And TinyPak can be 
handled by standard surface mount technology. 


National’s offerings include amplifier products, power management products, and data acquisition products.* And 
there's more to come! Turn the page for more detailed information . . . 


Small 
Wonders of 
the World. 











This perennial picnic pest is 
Black capable of carrying 50 times its 
Ant own body weight. Hide the 
watermelon. 
-— The Jamaican Vervain laid the 
Hummingbird smallest bird egg on record. It 
Egg weighed 0.0128 oz., which 
makes for a very tiny omelette. 
The world's smallest frog 
Cuban measures a mere 0.5 inches in 
length. That's one small leap for 
Frog amphibiankind. 
What once was the world's 
SOIC smallest high-performance 





package has given way to our 
latest SOT23. 


Where mighty meets mite. The 
SOT23-5 хе biggest thing in high performance 
oe linear products also happens to 
be the world’s tiniest. 


*Note: National also offers a wide range of discrete products in the SOT23 package. For information, please refer to the Discrete Products Selection Guide. 


55 


ДАР 


4012приоэ1шәѕ 


ADVINIIY %Z e 
7,02 + 91 3,0 :aduey їшәт ө 
92491212 ЛС’ё 1509 MOT è 
IIIIIJIY 
IFEYOA IUNYS UOISIIII 


воргто) 220е192101, 2002 
2007190 С0 TO 2010 е 

з1дезиру 

рчелстю по) 28ецол 
GUA OVOPW 03 те 116 е 

SWIANOZ 
:ƏSION MAMO MOT e 

32U23J3J2WM 
езвцод зипув потта 


зоргто) 220212101, 9002 
9607190 С0 96 СО Т0 ө 
реппЬец зтозовдео) 
JO SIOISISAY [VUIDIXY ON ө 
AOT 'AZIG'8 'A0'6 'A960' E 
*AG'c andin() IFUN е 
(хеш) 5,/ша4001 :02ашо ] e 
268 + 01 7,05 — 
:9guegw дшо ], • 
үшст оз үті09 
3uoJ1n^) Sunviod() e 
вштл се 
:9SION[ andin() AOT e 
22U23J2J2)] 
об јод JUnUg$ UOISI22Jd 


ЛОТ 0: дъ шоц 5222199) е 
ие 

ju21jn^) y^loz[ ueu 5527 e 
snis[2-) s22182(q 

от Арзолсј розезауео) e 
9802 0,001 + 

© „2205 — ИН FOF Pave ye 

рээзиелеп.с) 49е1п22 9 У „С e 
103224] 


91925 ә./ ЛШ0Т JE9UTTe 
1080ә$ Яшә | ПОІЅІ2ӘЈА 


sjonpouJd uonisinboy ejeqg 


Аұц хә 
08159 (1 59 ДО J9|[O:31UO^) e 
(Ajaansadsas 
soSv1[o A nding 
A9'CT JO AY'8 'AC' Y рәх) 
5120 6 го ‘z “Тт Зш8течгу 
J0j suond() 28v1[OA e 
WIF ‘ASF 
:Довтпооу 3S8v3[O A MAMO e 
Ja[JOJ1UO^) 
отец АлэзЕЯ ио]-итиртТ 


34э1244э0Э 

элизелэЧ и J, MOT e 
үшсі оз уті02 

:овпеу IUIN MMO e 


s9gVOA AG pU? AC'€ p3XHT e 
JIAIIC, /JOIW[NGIY VUOISIIITY 


отпвод море е 
(peor yw) лш/ 
(peo ywoc) AWOZI 

:98v3[0 A 1nodoJ(T e 
(uMOpINys) хеш ут] 
(peo ywr) ynog 


(рео ушос) vric/e 
зчәзтпгу 1190891) е 


yulgc 3ua31n^) MAMO e 
OIF “SOF 

:Аовлпозу пп) е 
AG 'A€t AC 

:98vV31[O A MAMO ө 

Joniy 42nodoJ(T-AOT ЕЛ] 


SjonpoJd 1эмод 


% 6 1'0 Јо оеча тепшзта та е 
25 GC 0 JO VED [enua13g (T e 
ASF “AS ‘AE 
JW SIULUIIOJI9g PIdUPIEND e 
Ato VUIG'9 
Асо уш / 3ua1in^) Á[ddng e 
AS® SU/AOGT APY MIS e 
ZHWOL q3prApueg uret) e 
duy d) 
4]04п$ әш рәәа уе 


AST “AS ‘AE 
зе ээивизорэа рээзаетепо) ө 
AS® %10'0 (441) AHL o 
ZHWO]PAPUPg umo. 
Асо YW C'Qaua11n?) Á[ddng e 
1ndinQ) 
pue indu [rew-o»Trew ө 
ашу 40 ОГУМ Јәмо мот 


sjonpoud лэциашу 


MON TISVIIVAV — $22142q €CLLOS XedÁUI], 





М 


1910130 


9G 





LOTLOWI 





sjonpoJg бојеи мом 


Semiconductor 





~ есе New Analog Products 


TinyPak SOT23 Devices — SNEAK PREVIEW 


Amplifier Products 
LMC7211 


Micropower RRI Comparator 
* Target Release Date: 
Q2 1995 


e Supply Current: 7j, A 95V 
* Response Тіте: 7 „5 95V 
* Rail-to-Rail Input 

© Guaranteed Performance at 
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Conventional 





Nj 4V(p-p) 


Power = (4)? /64 2 0.25W TL/H/12393-2 


^ (p-8) 


80 


Transformer Drive 


N 4V(p_p) 


1:2 














Power 2 (8)? /64 2 1.0W 


FIGURE 2. Increasing the Load POWER 


TL/H/12393-3 


As shown in Figure 2, a 2:1 turns ratio (the secondary 
has twice the turns of the primary) will increase the 
load swing from 4 Vp.p to 8 Vp p. If the transistor can 
deliver the extra current then the power is increased to 
1W. 


The BTL design allows the output voltage swing to be 
doubled without using a transformer, with the same 
fourfold increase in power delivered to the load. 


Today, the incentive for using a BTL design is not the 
breakdown capability of the amplifier, but to increase 

the output power capability on the low system supply 

voltages that are now being used. 


There are a number of different ways of connecting 
bridge amplifiers, but all the topologies have one thing 
in common. Two amplifiers are used, driving opposite 
ends of the load, with the output from one amplifier 
being in anti-phase to the output of the other 
amplifier. Usually both amplifiers have the same 
Output amplitude (to maximize the signal swing and 
produce symmetrical clipping) but this is not a 
requirement. What zs important, is that for the signal 
frequency range of interest, as one amplifier swings in 
the positive direction, the other amplifier swings in the 
negative direction (or vice-versa). 


In the absence of the AC signal input, both amplifiers 
have their outputs biassed halfway between the supply 
rails. For a single 5 Vpc supply this means both 
outputs are at 2.5 Vpc. If the outputs are well 
matched there will be no DC current flow in the load. 
Notice this means that the large load coupling 
capacitors have been eliminated. 


In Figure 3, each amplifier has the same gain (5.1), set 
by the ratio of the feedback resistors from the output 
back to the inverting input. For the left-hand amplifier, 
the signal gain (non-inverting) is (1 + 62k/15k) = 
5.1. For the right-hand amplifier it is —5.1k/10k = 

— 5.1. For the moment, we have neglected biassing or 
stabilization components. 





TL/H/12393-4 


FIGURE 3. The Basic Bridge Amplifier 
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FIGURE 5.1. LH Amplifier 
Output Waveform 
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FIGURE 5.2. RH Amplifier 
Output Waveform 
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FIGURE 5.3. Total AC Voltage Swing Across Load 


TL/H/12393-6 


FIGURE 5. Bridge Amplifiers—Oscilloscope Waveforms Observed 


Seeing is believing. If we look at the waveforms at the 
amplifier outputs, what will we see? Figure 5 shows the 
oscilloscope traces that will be observed when the 
'scope probe is attached to the amplifiers at the points 
shown. For the LH amplifier the output is 4 Vp-p, 
Figure 5.1. Notice that the 'scope probe ground 
(attached to the body of the probe) is connected to the 
same ground used by the amplifiers. Moving the 
'probe to the RH amplifier, we again see 4 Vp p, 
Figure 5.2. If the 'scope is properly synchronized to the 
signal source, we will note that this waveform is 180° 
out of phase with respect to the waveform at the LH 
amplifier. 


In each case we are looking at the AC voltage swing at 
one end of the load with respect to ground. To see the 
total swing across the load, connect the probe to one 
end of the load and lift the probe ground from the 
circuit ground to the other end of the load*. Figure 5.3 
shows 8 Vp.p across 80. Notice that for Figure 5.3 
there is no longer a DC reference for the signal since 
the probe is "floating" with respect to the circuit 
ground. 


8 Vp.p across an 80 load gives a load power of 1W, 
82/(8 X 8). 


*It is assumed that the observations are being made with a single oscilloscope probe and that the 'scope power supply is isolated from the amplifier circuit power supply (transformer coupled 
supplies). Under no circumstances should a probe ground be connected to an amplifier output while the ‘scope is connected to the amplifier circuit ground (i.e., a second probe ground). 
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FIGURE 7. LM831 Bridge Circuit 


In more detail, the s7gna/ gain of the non-inverting 
stage is set by (16k + 320)/320 = 51 or 34dB. The 
non-inverting amplifier output is the signal source, 
through 16 kQ, to the inverting amplifier, which has 
another 16 kf). feedback resistor from its output back 
to the inverting input. Therefore the gain of the 
inverting amplifier is set by the ratio of these resistors, 
—16k/l6k — —1 or OdB. Since the input signal 
level to the inverting amplifier is the output signal 
level from the non-inverting stage, a gain of — 1 
means that the same signal level is applied to the other 
side of the load, simply reversed in phase. 


The LM831 was designed with low, single supply 
voltages in mind and, as such, has several design 
features to make this possible. In common with many 
bipolar single supply amps, PNP transistors are used at 
the input stage. This allows the source DC voltage to 
be at ground potential. The gain setting resistors are 
included within the package to minimize the external 
components required and an internal bias circuit sets 
the output DC voltage at half supply to maximize the 
output voltage swing. 


Even with internal gain set and bias, a number of 
external components are still required. 


Although the non-inverting input can accept DC signal 
levels near or at ground potential, the output DC level 
must be at half supply. An internal bias network 
handles this, but the feedback resistors must be de- 
coupled from ground (C1 and C2 in Figure 7). 
Similarly, the output signal from the non-inverting 
stage must be AC coupled (C3) to the input of the 
inverting amplifier. For good low frequency response, 


in both cases these capacitors will have a large value, 
too large to allow monolithic implementation. 
Therefore package pin-outs and external capacitors are 
needed. 


Notice that the inverting amplifier input has an R-C 
network (320) and 10 pF) to ground. This is for 
stability. Most audio amplifiers require a large open 
loop gain at high frequencies in order to keep the 
closed loop frequency distortion as low as possible. 
When low values of closed loop gain are used, the 
amplifier will tend to oscillate because of this high 
frequency gain. Therefore most monolithic audio amps 
are not recommended for use with closed loop gains of 
less than 10 (20dB). This is true of the LM831... 
operating with unity gain is inviting trouble. The 
actual gain of the inverting amplifier is set by the 

16 КО resistor from its output back to the inverting 
input and the 3200 resistor to ground, (16k + 320)/ 
320 = 51. With a closed loop gain of 51 the amplifier 
will be stable. The signal is attenuated to the input of 
the inverting amplifier by the ratio of the 16 kN 
resistor from the non-inverting output to the same 
3200, a factor of 320/(16k + 320) or 1/51, so the 
overall signal gain from the output of the non- 
inverting amplifier (one side of the load) to the output 
of the inverting amplifier (the other side of the load) 
is still — 1 (or OdB). 


Most bipolar output stages are unable to swing closer 
than 0.7V (or more) to either the supply rail or 
ground because the drive circuits are referenced to the 
supply or ground. To overcome this limitation, the 
drive bias circuits can be pinned out to separate 
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